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Introduction

Traditional Chinese Medicine and Ayurveda are using a 
number of plants for treatment of different diseases. It is 
well known that plant materials contain numerous ingredi-
ents revealing health promoting action (e.g., polyphenols, 
flavonoids, phenolic acids, anthocyanins, vitamins, micro- 
and macroelements). However, plants can also contain 
toxic substance or components that can interfere with min-
erals or nutrients consumed daily. Substances that impede 
or completely prevent the use of nutrients in foods, and 
also have a negative impact on human body are called anti-
nutritional (e.g., phytic acid, oxalic acid, glucosinolates and 
thiocyanates, tannins, phosphates and accidentally intro-
duced contaminants—pesticides) [1].

Oxalic acid is present in plants along with the biosynthetic 
substrates such as: ascorbic acid, tryptophan, hydroxyproline, 
serine and ethylamine. Oxalic acid and its insoluble salts with 
di- and trivalent metal ions can be harmful for the human 
health, because of their anti-nutritional action against food 
components and toxicity. It should be emphasized that the 
anti-nutritive effect of oxalates depends not only on the abso-
lute content in food, but also the relative ratio of elements 
which are able to form insoluble salts, especially: Mg, Ca, Fe 
[2, 3]. Research revealed that the daily intake of oxalates is 
much higher than permitted values, e.g., 40–50 mg/day [2]. 
Moreover, oxalates absorption from food varied, e.g., from 
spinach, 4.5–6.2 % for spinach and 1.9–4.7 % for tea sam-
ples up to 9 % [4]. It should be noted that oxalates from the 
exogenous sources if, even administered in small amounts, 
can cause hyperoxaluria, nephrolithiasis, renal failure, cardio-
myopathy and cardiac conductivity disorders [2, 3].

Thiocyanates occur both in plant tissues and animals, 
as well as in body fluids such as blood, saliva or urine. 
In plants, they are components of compounds called 
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glucosinolates [5]. These anions in our body are involved in 
many biological and medical functions, e.g., in cell growth 
stimulation, in immune response and in phagocytosis. Fur-
thermore, in a different way the functioning of the thyroid 
gland is affected by SCN−, depending on the concentration. 
At low concentrations, it can stimulate the operation, while 
pathologically elevated concentrations inhibit the accu-
mulation of iodine in the thyroid gland [5]. Thiocyanates 
concentration in the body is essentially dependent on the 
applied diet. The negative effect of thiocyanates can be 
observed in persons on the diet rich in cruciferous plants 
and low in iodide ions simultaneously.

Phytic acid occurs naturally and can be found mainly in 
grains, legumes, nuts and seeds oil plants [6]. Anti-nutri-
tive activity of phytates is mainly linked to their strong 
chelating properties. Phytates exhibit a high affinity toward 
important for human body micro- and macroelements. 
They influence functioning of the enzymes necessary for 
proper digestion and also bind proteins reducing their avail-
ability for organism [6]. In conclusion, it can be suggested 
that anti-nutritional substances affect the organism mineral 
homeostasis, resulting in deficiencies of metal ions essen-
tial for the proper functioning of the human organism.

Oxalates can be determined by various analytical meth-
ods, such as: KMnO4 titration [7], high-performance liquid 
chromatography (HPLC) with UV detection [8], HPLC 
with enzymatic detection [9], capillary electrophoresis 
[10], ion chromatography [11], chemiluminescence [12] 
and spectrophotometry NIR [13].

Spectrophotometric determination of thiocyanates was 
described in numerous papers [14, 15], whereas spectro-
fluorimetric method was studied by [16]. Ion-selective 
membrane electrode was used by [17]. Separation tech-
niques such as: ion pair chromatography [18], capillary 
electrophoresis [19] or micellar electrokinetic capillary 
chromatography [20], were applied as well.

Determination of phytic acid in food was studied by 
volumetric titration [21, 22], capillary isotachophoresis [23] 
and ion-exchange liquid chromatography [24]. Spectro-
photometric [25] and synchronous fluorescence [25] were 
reported as well. Although various analytical techniques 
were applied for determination of these three analytes, there 
are no reports on their determination in the studied plants.

Increasing consumption of dietary supplements, herbs 
and herbal teas in Poland, advertised as health promoted or 
prophylactic compositions (e.g., due to the presence of anti-
oxidants), is evident. However, besides the prohealthy com-
ponents in the plant materials and supplements, the anti-
nutritional and negative health effects compounds are also 
present. They may increase the risk of a number of ailments 
associated with impaired balance of macronutrients and 

trace elements in the human body, described above. Plants 
used in Traditional Chinese Medicine and Ayurveda (e.g., 
Andrographis paniculata, Angelica sinensis (Dong quai), 
Emblica officinalis (Amla, Amalaki), Withania somnifera 
(Ashwagandha), Polygonum multiflorum (FoTi), Bacopa 
monnieri (Brahmi), Pueraria lobata (Kudzu root), Cola 
accuminata, Curcuma longa, Ocimum sanctum, Mucuna 
pruriens, Garcinia cambogia, Panax ginseng, Bupleurum 
sinensis, Salviae miltiorrhizae, Schisandra sinensis, Termi-
nalia arjuna) have been studied. These plants are also used 
in preparation of dietary supplements, herbal teas or used 
as pure herbs.

Considering to the above properties and because of in 
the literature there is a lack of information on the stud-
ied substances content in plants, it is necessary to deter-
mine the concentration level of oxalates, thiocyanates and 
phytates in the popular medicinal plants, herbs and dietary 
supplements. For this purpose, proposed, new and opti-
mized methodology [ion chromatography (IC) technique] 
for simultaneous determination of studied anti-nutritional 
compounds has been applied. Additionally, oxalates and 
phytic acid were determined by titration, whereas thiocy-
anates by spectrophotometric method.

Materials and methods

Materials

Ashwagandha, Amla, A. paniculata (coded APl-S and APr-
S, where l-leaves, r-roots and S-standard, because these 
samples were supplied from Standard, Poland), A. sin-
ensis (AS), Bacopa monnieri (BM), Bupleurum sinensis 
(BS), Cola accuminata (CA), Curcuma longa (CL), FoTi, 
Garcinia cambogia (GC), Mucuna pruriens (MP), Oci-
mum sanctum (OS), Panax ginseng (PG), Pueraria lobata 
(PL), Salvia miltiorrhizae (SM), Schisandra sinensis (SS-
S), Terminalia arjuna (TA) were purchased from Standard 
(Lublin, Poland), while A. paniculata APl-B was supplied 
from Biofaktor (Gorzów Wlkp., Poland) and Schisandra 
sinensis coded as SS-FL from FENG-LUKA (Goleniów, 
Polska).Oxalic acid (H2C2O4 × 2H2O), phytic acid, potas-
sium thiocyanate (KSCN) standard and trichloroacetic 
acid (TCA) were purchased from Sigma-Aldrich (Poland). 
Acetone, sulfuric acid (96 %), nitric acid (65 %), potassium 
manganate(VII), ferric chloride (FeCl3 × 6H2O), EDTA, 
sodium hydroxide, sodium sulfate(VI), sulfosalicylic acid 
were supplied from Chempur (Poland). Every one of the 
standards and reagent were at analytical grade. Deion-
ized water (conductivity <0.05 µS) was used to prepare 
solutions.



1517Eur Food Res Technol (2016) 242:1515–1521 

1 3

Apparatus

Ion chromatograph 883 Basic IC plus (Metrohm, Switzer-
land) was used for simultaneous determination of water-
soluble oxalates, phytates and thiocyanates. UV–Vis 
spectra were recorded on a UV–Vis HELIOS α spectropho-
tometer (Unicam, Cambridge, UK) in 1-cm quartz cell.

Ion chromatography

For the qualitative and quantitative analysis of studied 
anions (C2O4

2−, SCN−, phytates), ion chromatography 
method with a conductivity detector was used. Anion 
exchange column Metrosep A Supp 4—250/4.0, where pol-
yvinyl alcohol quaternary amine was supplied in the solid 
phase. Column temperature was set at 25 °C. Isocratic 
conditions with 1.8 mM Na2CO3 and 1.7 mM NaHCO3 as 
mobile phase was adapted to resolution of a anti-nutritional 
substances. The injection volume was 20 µL, whereas total 
flow rate was 1 mL min−1. Peaks were identified by reten-
tion time and by spiking extracts with standards of ana-
lyzed standards (especially in water-soluble oxalates and 
thiocyanates). Typical chromatograms for the separation of 
a anti-nutritional standards are shown in Fig. 1.

The phytic acid calibration range was 0.10–
5.00 mg mL−1, resulting in the calibration curves y = 
(6.41 ± 0.106)x − (0.94 ± 0.25), (R2 = 0.9996, RSD-

slope = 2.71 %, DL = 0.11 mg mL−1, QL = 0.37 mg mL−1, 
n = 5). The accuracy of the method was determined by add-
ing appropriate amounts of standard solutions and calculat-
ing the mean recoveries 97.15 ± 0.12 %.

Determination of water-soluble oxalates and thiocy-
anates in the Asian plants was obtained by the standard 

addition method. The standard solutions (0.5, 1.0, 1.5, 2.5 
and 3.0 mL) were added to sample and calibration curves 
recorded (five samples for each of the 20 extracts).

Extraction procedure: determination of anti‑nutritional 
substances by IC

The grounded, dried samples (1.50 ± 0.01 g) of stud-
ied plant samples were extracted three times with 25 mL 
of deionized water by extraction in water bath (at 30 °C 
for 60 min). Next extracts were centrifuged (4500 rpm, 
15 min). The supernatant solution was filtered, and then, 
the extract was taken directly to the appropriate chromato-
graphic analysis. Before the injection, extracts were filtered 
through a MCE syringe filter (diameter 25 mm, pore size 
0.45 µm).

Determination of water‑soluble oxalates by titration

Modified titration method of determination of water-solu-
ble oxalates was as previously described by Baker [7]. The 
grounded, dried samples (3.00 ± 0.01 g) of studied plant 
samples were extracted by 50 mL boiling distilled water 
and then stirred for 15 min on a shaker. To the centrifuge 
tube, 3.0 mL supernatant solution was collected; 1.75 mL 
of 5 % solution of calcium chloride and 1.75 mL of acetone 
were added and then were mixed and placed in the refriger-
ator. After 30 min, the resulting precipitate was centrifuged, 
next the supernatant was decanted, and the precipitate 
was quantitatively transferred to a conical flask with 10 % 
sulfuric(VI) acid solution and dissolved (90 °C). After dis-
solving, hot solution was titrated 0.0224 M solution of 
KMnO4 to obtain a pink color continuing for about 1 min.

Fig. 1  Typical chromatograms of phytates, oxalates and thiocyanates standards
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Determination of thiocyanates by spectrophotometric 
method

The procedure of thiocyanate analysis based on a determi-
nation methodology described by Hovinen et al. [14] and 
van Staden and Botha [15]. The basis of spectrophotomet-
ric method is the reaction of SCN− with Fe3+. To prepare a 
standard curve in the range 1.0–10.0 µg mL−1, the appropri-
ate volume of standard solution was collected in volumetric 
flasks (volume 10 mL) and then 5 mL of 0.4 M solution 
of ferric chloride(III) in 2 MHCl and 5 % trichloroacetic 
acid solution were added. Absorbance was measured at 
λ = 470 nm, in time no more than 5 min after the addi-
tion of a solution of iron(III). In the resulting, the calibra-
tion curves equation was obtained y = (0.0682 ± 0.0014)x 
− (0.0037 ± 0.0087), (R2 = 0.9994, RSDslope = 1.47 %, 
DL = 0.24 µg mL−1, QL = 0.81 µg mL−1, mean recoveries 
97.73 ± 0.12 %) for five repeat measurements.

The grounded, dried samples (2.00–2.50 ± 0.01 g) of 
studied plant samples were extracted by 20 mL of 5 % 
TCA solution and shaken for 15 min. Then, the precipi-
tate was centrifuged and filtered (filtrate was used in the 
analysis). Next, blank solution (filtrate + 2 mL distilled 
water), specific sample solution (filtrate + 2 mL solution 
of ferric(III) chloride in 2 M HCl) and reagent test [2 mL 
of distilled water and 2 mL solution of ferric chloride (III) 
in 2 M HCl] were prepared. On the basis of the average 
absorbance measured at λ = 470 nm for specific sample 
solution (AS), blank solution (AB) and reagent test (AR) con-
centration of SCN− were determined in the samples using 
the dependence: A

SCN
− = AS − AB − AR. The absorbance 

of the reagent test was 0.266 ± 0.009, whereas absorbances 
for specific sample and blank solutions were characteristic 
of the individual plant extracts.

Determination of phytic acid by titration

Modified method of determination of phytic acid content 
was performed by the method described by García-Estepa 
et al. [22] and Febles et al. [21], which was used to deter-
mine the amount of phytic acid in flours and cereal prod-
ucts. The grounded, dried samples (3.00 ± 0.01 g) of stud-
ied plant samples were extracted 20 mL of 5 % solution 
of Na2SO4 in 0.4 M HCl, shaken for 60 min and then cen-
trifuged for 15 min. After centrifugation, the whole extract 
was transferred to a conical flask and 20 mL 5 % Na2SO4 
in 0.4 M HCl, 20 mL Fe(III) solution, 20 mL 20 % solu-
tion of sulfosalicylic acid were added and the content was 
heated for 15 min in a water bath (80 °C). After the precipi-
tation iron phytate on a cold and centrifugation, superna-
tant was diluted with deionized water. The pH was adjusted 
with 1 M NaOH to 2.5 and then heated to 70 °C and titrated 
with 0.01 M EDTA solution to pale yellow.

Statistical analysis

The mean differences were considered significant at the 
p < 0.05 level. One-way ANOVA, followed by Duncan 
test, was preformed to analyze the significant differences 
between data (p < 0.05) for oxalates, phytates, thiocyanates 
in the plant samples using Statistica (Windows software 
package, version 10.0 PL).

Results and discussion

Obtained results for determination of oxalates, phytates 
and thiocyanates are given in Table 1, whereas exemplary 
chromatogram registered for Bupleurum sinensis is shown 
in Fig. 2.

Soluble oxalates, thiocyanates and phytic acid in the 
tested plant materials were determined by ion chromatog-
raphy method using modified procedure. The performed 
analysis was based on a comparison of retention times for 
the standard and the samples and the standard addition. In 
some cases, the resulting retention times differ by a few 
percent; however, the greatest differences were observed in 
the case of phytic acid. Phytic acid molecule has 12 pro-
tons removable, so that it can create 12 different anions 
(from mono- to dodeca-). Depending on the structure of 
their anions, retention time may be varied due to the differ-
ent strength of binding to the stationary phase. Moreover, 
phytic acid anions exhibit greater mass than the phosphate 
anion PO4

3−; hence, inorganic phosphates do not interfere 
in determination of phytic acid by IC method.

Results, besides the phytates, were analyzed by ANOVA 
with Duncan’s test, p < 0.05 (Table 1). Concentration 
of phytates was expressed in mg/100 g d.m. (IC) but % 
(g/100 g) for titration method; hence, comparison of sta-
tistically differences was impossible. We used different 
letters (a, b) within the same column only for AP samples, 
but in the line letters x and y, which indicate significant dif-
ferences between methods. Comparing the results for each 
anti-nutritional component, should be noted that in all cases 
statistically significant difference were observed. Only the 
oxalates content for Apl-B and APl-S (in the same meth-
ods, lettersb) and for thiocyanates analysis by both meth-
ods in AS and CL we observed statistically similar results. 
Based on the F-Snedecor and Student’s t tests, it should be 
noted that the method IC characterized a higher precision 
and accuracy with respect to the reference methods (titra-
tion and spectrophotometric).

Analysis of the results given in Table 1, we observed that 
for the studied Asian plants, the highest oxalate ion con-
centration in relation to the thiocyanates and phytic acid. 
Plant materials contain the least phytates. In every case, the 
relative standard deviation (RSD) was <7 %. The content 
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of oxalate determined by titration was in the range of 0.42–
153.22 mg 100 g−1 d.m., similar to the developed IC meth-
odology 0.38–145.39 mg 100 g−1 d.m., respectively for 

Foti and Ocimum sanctum. The obtained results differ sig-
nificantly (ANOVA, followed by Duncan test) and may be 
due to the difference in the two oxalates extraction methods 

Table 1  Anti-nutritional substances content in Asiatic plants

n.d. not detected, different letters (a, b) within the same column for AP samples, and line (x and y) indicate significant differences (one-way 
ANOVA and Duncan test, p < 0.05) between methods; d.m. dry mass

Anti-nutritional substances

Water-soluble oxalates Thiocyanates Phytates

IC (mg/100 g d.m.)
n = 3, p = 0.05

Titration (mg/100 g d.m.)
n = 5, p = 0.05

IC (mg/100 g s.m.)
n = 3, p = 0.05

UV–Vis (mg/100 g d.m.)
n = 5, p = 0.05

IC (mg/100 g d.m.)
n = 3, p = 0.05

Titration (%)
n = 5, p = 0.05

Aa 20.44 ± 0.27x 23.71 ± 0.27y 5.51 ± 0.22y 0.03 ± 0.00x 13.52 ± 0.19 n.d.

Amla 52.05 ± 1.02x 58.40 ± 1.39y 26.22 ± 1.13x 29.31 ± 1.77y 16.13 ± 0.35 n.d.

APr-S 50.26 ± 1.52a, x 61.21 ± 1.67a, y 21.41 ± 0.87x 24.26 ± 1.01y 10.22 ± 0.25 n.d.

APl-S 110.44 ± 1.97b, x 124.62 ± 2.51b, y 25.83 ± 1.04x 30.47 ± 0.92y 11.98 ± 0.18 n.d.

APl-B 111.93 ± 2.35b, x 125.22 ± 2.75b, y 27.41 ± 1.13x 32.75 ± 1.69y 12.17 ± 0.19 n.d.

AS 14.55 ± 0.62x 17.82 ± 0.62y 5.65 ± 0.33x 5.76 ± 0.88x 1.84 ± 0.13 n.d.

BM 41.13 ± 0.99x 48.07 ± 0.53y 16.52 ± 0.96x 20.09 ± 1.31y 3.03 ± 0.11 n.d.

BS 16.53 ± 0.47x 19.12 ± 0.86y 4.59 ± 0.21x 5.32 ± 0.99y 2.77 ± 0.31 n.d.

CA 28.85 ± 0.53x 36.94 ± 1.11y 11.27 ± 0.74x 13.25 ± 1.49y 4.23 ± 0.24 n.d.

CL n.d. n.d. 0.94 ± 0.11x 0.96 ± 0.13x 0.42 ± 0.04 n.d.

FoTi 0.38 ± 0.03x 0.42 ± 0.03y 1.44 ± 0.09 n.d. 0.94 ± 0.03 0.67 ± 0.04

GC 121.41 ± 2.15x 137.52 ± 3.22y n.d. 14.15 ± 0.44 2.45 ± 0.12 0.16 ± 0.03

MP 3.58 ± 0.31x 5.66 ± 0.24y 2.16 ± 0.17x 2.40 ± 0.12y 0.95 ± 0.05 1.61 ± 0.11

OS 145.39 ± 2.11x 153.22 ± 1.35y 34.34 ± 1.98x 38.21 ± 2.22y 2.66 ± 0.13 n.d.

PG 2.71 ± 0.13x 2.98 ± 0.08y 4.02 ± 0.24x 5.33 ± 0.56y 1.47 ± 0.11 1.65 ± 0.08

PL 11.23 ± 0.43x 12.90 ± 0.33y 5.50 ± 0.31x 7.03 ± 0.41y 2.08 ± 0.52 n.d.

SM 14.30 ± 0.37x 15.42 ± 0.58y 5.20 ± 0.20x 6.16 ± 0.65y 1.54 ± 0.06 n.d.

SS-FL 6.65 ± 0.23x 7.72 ± 0.31y 2.85 ± 0.13x 3.19 ± 0.08y n.d. n.d.

SS-S 6.11 ± 0.22x 6.89 ± 0.18y 3.56 ± 0.42x 4.04 ± 0.11y 0.35 ± 0.03 n.d.

TA 32.52 ± 0.72x 37.93 ± 1.16y 14.99 ± 0.71x 16.54 ± 0.84y 10.49 ± 0.43 n.d.

Fig. 2  Chromatogram of Bupleurum sinensis extract
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which was used or the difficulty in observing the titration 
endpoint. Only for CL oxalates were not detected. Taking 
into account the results, it can be concluded that for the 
leaves higher amounts of oxalic acid in relation to fruits 
and roots were obtained. For the roots, we observed the 
lowest values. Additionally, the molar ratio of (COOH)2/Ca 
for the obtained average content was determined. In every 
case, this ratio does not exceed the value of 1.0 (the highest 
was for TA 0.56). Therefore, there is no scientific principle 
for the threat of excessive losses minerals caused by sup-
plements, which contain studied plants from Asia.

Thiocyanate concentration was in the range 0.96–
38.21 mg 100 g−1 d.m. for Curcuma longa and Ocimum 
sanctum, respectively, which are analogy with the IC method 
0.94–34.34 mg 100 g−1 d.m., but only for AS and CL sam-
ples we observed similarity in the concentration values. Thi-
ocyanate ions were not detected in Garcinia cambogia.

Content of phytic acid (0.42–16.13 mg 100 g−1 d.m. for 
the SS-S and Amla, respectively) determined by ion chro-
matography was the lowest in comparison with the thio-
cyanates and oxalates. In the SS-FL, phytic acid was not 
detected. Analyzing the results obtained for the titration 
(0.16–1.65 % for GC and PG), we get the results much 
higher than in the method of the IC.

Al-Wahsh et al. [27] using an enzymatic method marked 
oxalates content in 50 various herbs used in medicine and ten 
fresh fruits. The results obtained by the authors are as fol-
lows: The content of soluble oxalates extracted in heat was in 
the range of 18–1452 mg 100 g−1 d.m. for Trigonella foenum 
graecum and Peganum harmala, while in the case of fruit 
content ranges from 0.30 mg 100 g−1 d.m. for the peaches 
and 6.6 mg 100 g−1 d.m.. for kiwi. In addition, high levels 
(>1000 mg 100 g−1 d.m.) of oxalates are commonly observed 
in tropical plants like taro and sesame seeds [27]. Adeniyi 
et al. [28] determined oxalates in selected Nigerian food sam-
ples (Solanum tuberosum L., Ipomea batatas L., Discorea 
alata, Dioscorea rotundata, Colocasia esculents L., Triticum 
vulgare, Soja hispida and Amarathus sp), resulting range 
from 20 to 92 mg per 100 g of fresh weight sample. Oranges, 
bananas, peaches and pears have been previously reported 
to contain within the range of 2–10 mg total oxalate/100 g 
fresh weight [9]. Al-Wahsh et al. [27] obtained the higher 
concentration values in comparison with these presented in 
manuscript (0.38–145.39 mg 100 g−1 d.m.,), but Honov and 
Hesse [9], Adeniyi et al. [28] results were in the same con-
centration level. Researchers [29] determined glucosinolates 
in cabbage (68.6–238.8 µmol/100 g fresh wt), brussels (367–
553 µmol/100 g fresh wt), collards (220.4 µmol/100 g fresh 
wt), broccoli (161.9–248.4 µmol/100 g fresh wt). The average 
levels of phytic acid in the infant food (363 mg/100 g) [26], in 
cereal grains, legumes and feeds (<0.08 %) [23] were higher 
than presented in this study.

It is difficult to compare our results with others, because 
of using different materials, different analytical methods, 
different preparation of samples. Additionally, analyz-
ing these obtained results and the literature data, we can 
concluded that the content of oxalates, thiocyanates and 
phytates in teas, vegetables, fruits or plant material is var-
ied and depends on the genetic, environmental and loca-
tion factors, e.g., difference cultivar, species, maturity and 
morphological parts of the plant, region of origin, harvest 
period, manner and processing technology, agronomic 
conditions as well as the soil condition or use of fertilizers.

Unfortunately, the obtained results of the determination 
of individual anti-nutritional substances cannot be com-
pared with the results of other scientists, because in the 
literature there were no data about analyzed substances 
in studied Asiatic plant materials. Therefore, the subjects 
related to the search for methods for the determination of 
phytates, oxalates, and thiocyanates in plants and food sup-
plements deserve special attention. An important aspect 
of this is the fact that the supplements should enrich and 
supplement the human diet with ingredients which have a 
positive impact on health and body, and not be a source of 
anti-nutritional substances, which have a completely differ-
ent effect.

The proposed method of ion chromatography for the 
simultaneous determination of phytates, oxalates, and thio-
cyanates in the plant matrix seems to be appropriate, and 
the proposed methodology can be competitive in relation 
to conventional methods. An important advantage of the 
developed methodology for determining is short analysis 
time (15 min), during which we receive information about 
the contents of the three tested ingredients. Moreover, sam-
ples preparation procedure is not complicated and time 
consuming. In summary health aspect, it was found that the 
tested plant materials do not constitute a serious threat to 
human health when people used only commercially avail-
able dietary supplements. However, due to the content of 
soluble oxalates and other studied substances in food, 
intake of anti-nutritional components should be controlled 
and limited, particularly for those people with healthy 
problem (e.g., kidney dysfunction or the tendency to neph-
rolithiasis). Additionally, our results may be useful in the 
planning of rational nutrition and production of dietary 
supplements.
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